The purpose of this paper is to study the effects of nanoparticles on mixed con-
Introduction
The heat transfer by mean of fluid flow is encountered in numerous applications such as heat exchangers, cooling systems, electronic equipment, etc. Most of the Newtonian and non-Newtonian fluids such as water, oil, ethylene glycol mixture, molten plastics, polymers, glues, ink, pulps, foodstuffs, and slurries are too much used in various manufacturing, industrial and engineering applications [1, 2] . To achieve the desired requirement in industry, the thermal performance of heat transfer in the conventional fluids is not appropriate because of its lower thermal conductivity. Numerous researchers have been investigating better techniques to enhance the thermal performance of heat transfer fluids. One of the methods used is to add nanosized particles of high thermal conductive materials like carbon, metals, and metal oxides into the heat transfer fluid to increase the overall thermal conductivity of the fluid [3, 5] . As a result of thermal conductivity the base fluid is dramatically enhanced in the presence of nanoparticles that is why the thermal conductivity of nanofluids has attracted the most widely attention of scientists due to its essential heat transfer properties. Sajadi et al. [6] reported the experimental study to improve the thermal performance of Newtonian fluid water by ZnO particles. The results indicated that heat transfer coefficient increases by 11% and 18% with increasing the volume fractions of nanoparticles to 1% and 2%, respectively. It is overall thermal performance of nanofluid which is higher than that of pure water up to 16% for 2% volume concentration of nanoparticles. Another experimentally study examined the forced convective heat transfer in non-Newtonian nanofluids through a uniformly heated circular tube under turbulent flow conditions [7] . It is observed that the local and average heat transfer coefficients of nanofluid are larger than that of the base fluid. Heat transfer enhance-
where K is the consistency coefficient and n -the flow behavior index. For a special case of a Newtonian fluid (n = 1), when the magnitude of n < 1 the fluid is shear-thinning and when n > 1 the fluid is shear-thickening in nature. Here we consider the shear-thinning polymer solution of different consideration of polyvinyl alcohol in water. For, the nanofluid, polymer solution is used as base fluid with nanoparticle of copper. Under the Boussinesq approximation, the governing equations in component form for power law model can be written: Figure 1 . Geometry of the problem subject to boundary condition are:
In the equations, u and ν are the velocity components in the x-axis and y-axis directions, respectively. In eqs. (6)- (8), the effective density, ρ nf , heat capacitance, (C p ) nf , and thermal expansion coefficient, β nf , of the nanofluid are defined:
In order to include the effect of the liquid layer, nanoparticle-in-liquid suspension with nanosize spherical particles of radius, R p is used. The solid-like layer of thickness, h layer , around the particles is assumed to be more ordered than that of the bulk liquid whereas the thermal conductivity, k layer , of ordered layer is higher than that of the bulk liquid. We also assumed that the nanolayer around each particle could be combined with the particle to form an equivalent particle and that the particle volume concentration is so low and a result there is no overlap of those equivalent particles. The thermal conductive model [15] of nanofluid for nanolayer effect is given:
where k pe is the thermal conductive of particle defined by:
Here γ = k layer /k s is the ratio of nanolayer thermal conductivity to particle thermal conductivity and β = h layer /R p -the ratio of the nanolayer thickness to the original particle radius. The viscosity model of nanofluid [16] is given: 
in which ϕ e = ϕ(1 + β) 3 and μ f is defined for power law fluid:
By using the following similarity variables: 
into eqs. (2)- (5), the non-dimensional ordinary differential equations along with the associated boundary conditions can be written:
where
-n ]/K -the local Grashof number, and Re x = = (ρ f U 2-n x n )/K -the local Reynolds number.
Shear stress and heat flux
The shear stress can be obtained:
The different values for different concentration of polyvinyl alcohol are presented in tab. 1(a) and (b). The wall shear stress in term of skin friction coefficient can be expressed: 
The heat flux is:
The heat transfer coefficient is defined:
The local Nusselt number is given by:
The dimensionless form of Nusselt number is obtained: Solution by optimal homotopy analysis method (OHAM)
We now solve the said non-linear boundary value problem by the OHAM. In order to find explicit formula for f(η) and θ(η), first of all, it is obvious that f(η) and θ(η) can be expressed by a set of base functions:
in the forms: 
and construct the zero-order deformation:
indicates the embedding parameter and 0 f c and 0 c θ represent auxiliary parameters. Moreover the non-linear operators N 1 and N 2 are defined:
here ε = n -1. When p = 0, and p = 1, we have: 
The auxiliary parameters are so properly chosen that series converge when p = 1 and thus:
The m th order deformation problems are:
[ ] 
where 
The total squared residual error is follow:
To check the accuracy of OHAM code, the values of
Nu Re x − presented by Shahzad and Ramzan [18] are compared with obtained results as shown in tab. 2. The optimal values are also shown in tab. 2 and found very good agreement that is infecting a very useful check for the accuracy. 
Results and discussion
To see effects of emerging parameters involved in the expression of velocity and temperature distributions of shear shear-thinning based nanofluids contained Cu nanoparticles are examined through figs. 2-7. In the study, the value of modified Prandtl number and mixed convection parameter, λ, depend on stretching velocity and fluid nature. To see the effects of particle volume friction, particle size, and different concentration of PVC on velocity and temperature, the values of modified Prandtl number, and λ are given in tab. 3. In addition, the spherical shape of particle, the nanolayer thickness h layer of 1 nm and nanolayer thermal conductivity k layer of 2k f is used in the proposed model. The effects of particle volume friction on velocity and temperature profiles are displayed in figs. 2 and 3, respectively. Figure 2 points out that when the particle concentration increases then the velocity of fluid reduces. On the other hand, in fig. 3 , it is seen that the temperature profile is enhanced by raising the particle volume friction. This is due fact that the temperature of fluid is enlarged when the thermal conductivity is raised. Figures 4 and 5 illustrate the effects of particle radius on the velocity and temperature profiles of nanofluid, respectively. In fig. 4 , the velocity of fluid is decreased when size of particle is increased. In addition, it is also observed that temperature of fluid is turn down when radius of particle is enhanced. It is found that when size of particle increases then the Brownian motion of particles slowdown the effects of fluid on velocity and temperature profiles. Figures 6 and 7 is examined in fig. 6 , the velocity of nanofluid is increased when concentration of PVC is enhanced. The results in fig. 7 demonstrate that decrement in temperature is occurred near to the wall and far from the wall it is enhanced by increasing the mass concentration in water. The second set of results show the effects on shear stress and heat flux by adding nanoparticles in PVC solutions. Figures 8 and 9 illustrate the effects of particles volume friction on shear stress in x-and y-directions, correspondingly. In fig. 8 , shear stress increases by increasing the particle volume friction rate. It is observed that shear stress increases near to slit and after some distance no effective change is found. The shear stress in the direction of yaxis, increases by increasing the particles volume friction as shown in fig. 9 . Figures 10 and  11 show the effects of particle volume friction on heat flux along x-and y-axis. It is depicted fig. 10 that heat flux along x-axis increases by increasing the particle volume friction. It is in accordance with the physical expectation that that thermal conductivity increases by enrichment of volume concentration of nanoparticles and as a consequence nanoparticles act the behavior like bridge to pass heat flow. It is also noticed that heat flux near to slit increases readily and then became constant after some length of plate. Figure 11 portrays that when volume friction of nanoparticles increases, the heat flux also increased in the region of boundary layer. Figure 12 shows the effect of volume concentration of particles on thermal resistance at the wall. It is seen that thermal resistance reduces by increasing the concentration of particles. It is happened due to increasing the heat flux enhancement in particle concentration.
Conclusions
In this paper, mixed convection heat transfer flow of power law nanofluid over starching plate is investigated. The effects of nanoparticle on velocity, temperature, shear stress, heat flux, and thermal resistance polymer solution with different concentration of PVC are investigated. The main findings of reported results are:
• the velocity of shear thinning fluid declines when particle volume concentration, PVC mass concentration and size of particle are raised, • the shear stress increases due to increasing the volume concentration, • the temperature and heat flux of shear thinning fluid enlarged by enhancement of particle volume concentration whereas improvement in temperature with small size of particle is observed, and • a comparison is also made as a limiting case of presented model. 
Nomenclature

